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CHEMICAL COMPOUNDS 



The invention relates to pyrintidme derivatives, or pharmaoeuticalry acceptable salts or 
in vivo hydroiysabic est era thereof; which possess cell-cycle inhibitory activity and are 
S accordingly useful for their anti-cell-proliferation (such as anti-cancer) activity and are 
therefore useftil in methods of treatment of the human or animal body. The invention also 
relates to processes for the manufacture of said pyrimidine derivatives, to pharmaceutical 
compositions containmg them and to their use in the manufacture of medicaments of use in 
the production of an atm-cell-proliferation effect in a warm-blooded animal such, as man. 
10 A family of intracellular proteins called cycling play a central role in the cell cycle. The 

synthesis and degradation of cycling is tightly controlled such mat their level of expression 
fluctuates during the cell cycle. Cyclins bind to cyclin-dependent serine/threonine kinases 
(CDKs) and mis association is essential for CDK (such as CDK1. CDK2, CDK4 and/or 
CDK6) activity within me cell. Although the precise details of how each of these factors 
15 combine to regulate CDK activity is poorly understood, the balance between the two dictates 
whether or not the cell will progress through the cell cycle. 

The recent convergence of oncogene and tumour suppressor gene research has 
identified regulation of entry into the cell cycle as a key control point of tmtogenesis in 
tumours. Moreover, CDKs appear to be downstream of a number of oncogene signalling 
20 pathways. Disregulation of CDK activity by upregulation of cyclins and/or deletion of 

endogenous inhibitors appears to be an important axis between mitogenic signalling pathways 
and proliferation of tumour cells. 

Accordingly it has been recognised that an inhibitor of cell cycle kinases, particularly 
inhibitors of CDK2, CDK4 and/or CDK6 (which operate at the S-phase, Gl-S and Gl-S phase 
25 respectively) should be of value as a selective inhibitor of cell proliferation, such as growth of 

mammalian cancer cells. 

The present invention is based on the discovery that certain pyrhnidine compounds 
surprisingly inhibit the effects of cell cycle kinases Bhowing selectivity for CDK2, CDK4 and 
CDK6", and thus possess anti-cell-proliferation properties. Such properties are expected to be 
30 of value in the treatment of disease states associated with aberrant cell cycles and cell 
proliferation such as cancers (solid tumours and leukomas), fibroproliferative and 
differentiative disorders, psoriasis, rheumatoid arthritis, Kaposi's sarcoma, haemangioma, 
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acute and chronic nephropathies, atheroma, atherosclerosis, arterial restenosis, autoimmune 
diseases, acute and chronic inflammation* bone diseases and ocular diseases with retinal 
vessel proliferation. 

Accordingly, the present invention provides a compound of formula (I): 




o o 



(D 

wherein: 

R 1 is halo, cyano, Ci_ 3 alkyl or Ci- 3 aIkoxy; 
p is 0-2; wherein the values of R 1 may be the same or different; 
10 K? is amino, R° oar R 6 -NH 2 -; 

R 3 is hydrogen, halo or cyano; 

K* is C 3 «cycloalkyl, Q^cycloalkylCMalkyl, heterocyclyl, heterocyclylCi^alkyl or 1- 
methoxyprop-2-yl; wherein R 4 may he optionally substituted on ring carbon by one or more 
methyl, ethyl, methoxy, ethoxy, propoxy, ttifluoromethyl, trifluoromethoxy, 2,2,2- 
15 trifluoroethoxy or cyclopropybnethoxy; and wherein if said heterocyclyl contains an -NH- 
moiety that nitrogen may be optionally substituted by one or more methyl, ethyl, acetyl, 2 ,2,2- 
trifluoioethyl or methoxyethyl; 

R s is Ci-oalkjd or C 2 -6alkenyl; wherein R s may be optionally substituted on carbon by 
one or more methoxy, ethoxy, propoxy, trifluoromethyl, trifluoromethoxy, 2,2,2- 
20 trifluoroethoxy or cyolopxopybnethoxy; 

R* is d^alkyl, C 2 -*alkeuyl, Cj^alkyoyl, C^yoloalkyl, CwcycloalkylQ-aalkyl, a 
heterocyclic group or (heterocyclic grt>up)Ci^alkyl; wherein R 6 maybe optionally substituted 
on carbon by one or more methyl, ethyl, methoxy, ethoxy, propoxy, trifluoromethyl, 
trifluoromethoxy, 2 ,2,2-trifluoroethoxy or cyclopropylmethoxy; and wherein if said 
25 heterocyclic group contains an -NH- moiety that nitrogen may be optionally substituted by one 
or more methyl, ethyl, acetyl, 2,2,2-trifluoroefhyl or methoxyethyl; 
or a pharmaoeutically acceptable salt or an in vivo hydrolysable ester thereof. 
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to this specification the term "alkyl" includes both straight and branched chain alkyl 
groups hut references to individual alkyl groups such as "propyl" ate specific for die straight 
chain version only. For example, "Q-tfdkyl", "C^MyT and "d^alkyl" include propyl, 
isopropyl and r-butyL However, reference* to individual alkyl groups such as -propyl' are 
specific for the Straight chained version only and references to individual branched chain alkyl 
groups such as 'isopropyl' are specific for the branched chain version only. A similar 
convention applies to other radicals, for example "C^ycloalkylC^alkyl" and 
«C3^ycloalkylCx.3alkyr includes cyelopropylmemyl, 1-cyclohutylefhyl and 3- 
cycloptopylpropyl. The term "halo" refers to fluoio, ehloro, bromo and iodo. 

Where optional substituents are chosen from "one or more" groups it is to be 
understood that this definition includes all substituents being chosen from one of the specified 
groups or the substituents being chosen from two or more of the specified groups. 

A "heterocyclyr is a saturated monocyclic ring, linked via a ring carbon, which 
contains 3-6 atoms of which at least one atom is chosen ftomnilrogen, sulphur or oxygen and 
aring sulphur atom may be optionally oxidised to form the S-oxide( S ). Examples and suitable 
values ofthe term "heterooyclyr are tetrahy<h-ofufanyl, pyrroHdinyl, dioxolanyl, 
pyrazolidinyl, piperidinyl, dioxaoyl, rnorphoUnyl, thiomorpholinyl or 1,1- 
^oxothiomorpholino. Suitably "heterocyclyr is tetrabydrofuranyl. 

A "heterocyclic group" is a saturated, partially saturated or unsaturated, monocyclic 
ring containing 4-6 atoms of which at least one atom is chosen from nitrogen, sulphur or 
oxygen, which may. unless otherwise specified, be carbon or nitrogen linked, and a ring 
sulphur atom maybe optionally oxidised to form the S-oxide(s). Examples and suitable values 
ofthe term "heterocyclic group" are xnorpholino, piperidyl, pyridyl. pyranyl, pyrrolyl, 
isothiazolyl, tbienyl, thiadiazolyl, piperasioyl, thiazolidinyl. fhiomorphotino. pynolhtyl, 
totrshydropyranyl, tetrahydrcfuryl, imidazoryl, pyrimidyl, pyrazinyl, pyridazinyl and 
isoxazolyl. Suitably a "heterocyclic group" is pyridyL 

Examples of "O. 3 alkoxy" include, methoxy, ethoxy andpropoxy. Examples of 
"C^alkenyl" and "^afteuyl" are vinyl, allyl and 1-propenyl. Examples of "C w afcynyr are 
etoynyl, l-propynyl and 2-propynyl. Examples of "C^cycloalkyl" arecyclopropyl, cyclobutyl, 
cyclopentyl and eyclohexyl. Examples of "(heterocyclic group^alkyl" include 
pytidylmethyl, 3-morpholinopropyl and 2^vmnid-2-ylefliyL Examples of 
"heterocyclylCwalkyl" are tetrahyd^ofuryhnethyl, 2-morpholinoethyi and 2-pynolidm-l- 
ylpropyL 
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A suitable pharmaceutical^ acceptable salt of a compound of the invention is, fox 
example, an acid-addition salt of a compound of the invention which is sufficiently baric, for 
example, an acid-addition salt with, for example, an inorganic or organic acid, for example 
hydrochloric, hydrobromic, sulphuric phosphoric, trifluomacetic, citric or maleic acid. Ik 

5 addition a suitable pharmaceutical^ acceptable salt of a compound of the invention which is 
sufficiently acidic is an alkali metal salt, for example a sodium or potassium salt, an alkaline 
earth metal salt, for example a calcium or magnesium salt, an ammonium salt or a salt with an 
organic ba$e which affords a physiologically-acceptable cation, for example a salt wife 
methylamine, dimethylamine, trimethylamine, piperidine* moipholiae or 

10 tris<2-hydroxye^yl)amine. 

An in vivo hydrolysable ester of a compound of the formula Q) containing carboxy or 
hydroxy group is, for example* a pharmaceutical^ acceptable ester which is hydrolysed in the 
human or animal body to produce the parent acid or alcohol. Suitable pharmaceutical^ 
acceptable esters for carboxy include Ci^alkoxymethyl esters for example methoxyraethyl, 

IS Ci^alkanoyloxymethyl esters for example pivaloyloxymethyl, phthalidyl esters, 

C 3 . 8 cycloalkoxycarbonyloxyCi^alkyl esters for example ln:yclohexylcaibonyioxyethyl; 
l,3-dioxolen-2-onylmethyl esters for example 5-methyM ,3-dioxolen-2-onylmethyl; and 
Ci-*alkoxycarbonyloxyethyl esters for example 1-methoxycarbonyloxyethyl and may be 
formed at any carboxy group in the compounds of this invention. 

20 An in vivo hydrolysable ester of a compound of the formula (I) containing a hydroxy 

group includes inorganic esters such as phosphate esters and ct-acyloxyalkyl ethers and related 
compounds which as a result of the in vivo hydrolysis of the ester breakdown to give the 
parent hydroxy group. Examples of a-acyloxyalkyl ethers include acetoxymethoxy and 
2,2-dhnefliylpropionyloxy-methoxy, A selection of in vivo hydrolysable ester farming groups 

25 for hydroxy include alkanoyl, benzoyl, phenylacetyi and substituted benzoyl and phenylacetyl, 
aUcoxycarbonyl (to give alkyl carbonate esters), dialkylcaxbamoyl and 
iV-(dialkylaminoethyl>Ar-a3kylcaAamoyi (to give carbamates), dialkylaminoacetyi and 
carboxyacetyl Examples of substituents on benzoyl include morpholino and piperazino linked 
from a ring nitrogen atom via a methylene group to the 3- or 4- position of the benzoyl ring* 

30 Some compounds of the formula (1) may have chiral centres and/or geometric isomeric 

centres (E- and Z- isomers),, and it is to be understood that the invention encompasses all such 
optica], diastereoisomers and geometric isomers that possess CDK inhibitory activity. 
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Xhe invention relates to any and all tautomeric forms of the compounds of the formula 
(D that possess CDK inhibitory activity. Ls particular the skilled reader will appreciate that 
when R* is hydrogen, the imidazole ring as drawn in formula (I) may tautomerise. 

It is also to be understood mat certain compounds of the formula (I) can exist in 
5 solvated as well as unsolvated forms sucb as, for example, hydrated forms. It is to be 
understood that the invention encompasses all such solvated forms which possess CDK 
inhibitory activity. 

Suitable values of R 1 , R 2 , R 3 , R 4 , R 5 and p are as follows. Such values may be used 
where appropriate with any of the definitions, claims or embodiments defined hereinbefore or 
to hereinafter. 

R 1 is fluoro, chloro, cyano, methyl, ethyl, methoxy or ethoxy. 
p is 0. 
pis 1. 
p is 2. 

IS R 2 is R 6 -NHa- wherein R 6 is Cwalkyl, C 2J alkenyl, C 3 ^ycloalkyl > 

C3.6cycloal]£vlC M al)<yl or (heterocyclic group)Ci^alkyl; and wherein R 6 may be optionally 
substituted on carbon by one methoxy, ethoxy or triflnoromethyl. 

R 2 is R ti -NH 2 - wherein R 6 is Ci^alkyi, C M alkenyl, Qwcycloalkyl, 
C 3 .«cycloalkylC w alkyl or (heterocyclic group)C walkyi; and wherein R 6 maybe optionally 
20 substituted on carbon by one methyl, methoxy, ethoxy or trifluoromethyl. 

R 2 is R 6 -NHr- wherein R* is methyl, ethyl, propyl, f-butyl, allyl. cyolopropyl. 
cydobutyl, cyclopropylmethyl, tetrahydiofut-2-ylmethyl or pvrid-2-ylmethyl; and wherein R 4 
may be optionally substituted on carbon by one methoxy, ethoxy or trifluoromethyl. 
R 2 is R 6 -1^2- wherein R 6 is methyl, ethyl, propyl, i-butyl, allyl, cyclopropyl, 
25 cyclobutyl, cyclopropylmethyl, tetrahydroftir-2-ylmethyl or pyrid-2-yhnethyl; and wherein R 1 
maybe optionally substituted on carbon by one methyl, methoxy, ethoxy or nifluoromethyl. 

R 2 is methyl amino, aUylamino, r4>utylamino, 2-methoxyethylamino, 2- 
ethoxyethylamino, 3-methaxypropylamino, cyclopropylamino, cyctobutylamino, 
cyclopropylmeihylamino, 2,2,2-trifluoro8lhylamino, tetrahydrofur-2-ylmethylamino or pyrid- 
30 2-ylmethylamino. 

R 3 is hydrogen, chloro or fluoro. 
R 3 is hydrogen. 

R A is C^oycloalkyl, Cj^cycloalkylCMalkyl, heterocyclyl or l-methoxyprop-2-yl. 
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R 4 is cydopropyhnethyl, cyclobutyl, cyclopropyl, cyclopenlyl, l-methoxypiop-2-yl, or 
tetrahydrofuryl. 

R 4 is cyclopropyfaiethyl, cyclobulyl, cyclopropyl, cyclopemyl, l-methoxyprop-2-yl. or 
tetrahydrofuT-3-yl 
5 R s is Cwalkyl. 

R 5 is Ci^alkyl. 

R s is methyL 

Therefore in another aspect of the invention, there is provided a compound of formula . 

(as depicted above) wherein: 
to p is 0; 

R* is R*-:NH 3 - wherein R e is C M alkyL Q„aJkeiiyl, C 3 ^cycloalkyl» 
C^cycloalkylCioalkyl or (heterocycHc gronp)C,. 3 alkyl; and wherein R« may be optionally 
substituted on carbon by one methoxy, ethoxy or trifhioromethyl; 
R 3 is hydrogen. 

15 R 4 is Cs-ecycloalkyl, Ca^cycloalkylCMalkyl, heterooyclyi or l-methoxyprop-2^yl. 

R s is C^alkyl. 

or a pharmaceutical^ acceptable salt or an in vivo hydrolysable ester thereof. 

Therefore in an additional aspect of the invention, there is provided a compound of 
formula Q) (as depicted above) wherein: 

20 p is 0; 

R a is methylararao, allylanrino, r-butylamino, 2-methoxyethylamino, 2- 
ethoxyemylamino, 3-methoxypropylamino, cyclopropylamino, cyclobutylamino, 
cyclopjopym^ylamino, 2,2>trifluoroethylanuno, tetrahydrofor-2-ytaefoylammo or pyrid- 
2-yJmefoylamino; 
25 R a is hydrogen; 

R* is cyclopropylmethyl, eyclobutyl, cyclopropyl, cyclopentyl, l-methoxyprop-2-yl, or 

tetoahydrofur-3-yh 
R 5 is methyl; 

or a phannaceutically acceptable salt or an in vivo hydrolysable ester thereof 
30 m another aspect of the invention, particular compounds of foe invention axe any one 

of the Examples or a phannaceutically acceptable salt or an in vivo hydrolysable ester thereof. 

A particular aspect of the invention is that which relates to the compound of formula 
(I) or a phannaceutically acceptable salt thereof. 
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Anolher aspect of Hie present invention provides aprocess for preparing a compound 
Of formula (I) or a pharmaceutically acceptable salt or an In vivo hydrolysable ester hereof 
which process (wherein R 1 , R a , R 3 . R*» R 5 and p are, unless otherwise specified, as defined in 
formula (I)) comprises of. 
5 Process a) reaction of a pyrimidine of tbrmula (II): 

,Y 

1 -N 




(ID 

wherein Lisa displaceable group; with an aniline of formula (HI): 



AW 

or 

/Voces* b) reacting a compound of formula (IV): 

o o 

(IV) 

IS with a compound of formula (V): 
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(V) 

wherein T is O or S; R* maybe the same or different and is Ci-ealkyl; 
Process e) for compounds of formula Q) where R 2 is amino or a group R^-NH^-; reacting a 
5 pyrimidrae of formula (VI): 



K 



1 o N o 



L S 7 



(VI) 

wherein X is a displaceable group; with an amine of formula (VII): 

R"-NH 2 

10 (VII) 

wherein R a is hydrogen or R e ; 

Process d) reacting a pyrimidme of formula CV1II) 




(Vffl) 



15 with a compound of formula (IX): 



L. 
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OX) 

where Y is a displaceable group; 
and thereafter if necessary. 
5 i) converting a compound of the formula (D into another compound of the formula (D; 

ii) removjag any protecting groups; 

iii) forming a pharmaceutical^ acceptable salt or to vtvo hydrolysable ester. 

L is adisplaceable group, suitable values for L are for example, a halogeno or 
sulphonyloxy group, for example a chloro, bromo, methanesulphonyloxy or 
10 toluene^-stuphonyloxy group. 

X is a displaceable group, suitable values for X are for example, a fluoro or chloro 

group. Preferably X ie fluoro. 

Y is a displaceable group, suitable values for Y are for example, a halogeno or 
'sulphonyl group, for example a bromo, iodo or trifluoromefoanesulphonyloxy group. 

15 Preferably Y is iodo. 

Specific reaction conditions for the above reactions are as follows. 
Process a) Fyrimidmes of formula (II) and anilines of formula (HI) maybe reacted 
together: 

i) in the presence of a suitable solvent for example a ketone such as acetone or an alcohol such 
as ethanol or butanol or an aromatic hydrocarbon such as toluene or "-methyl pyrrolidine, 
optionally in the presence of a suitable acid for example an inorganic acid such as 
hydrochloric acid or sulphuric acid, or an organic acid such as acetic acid or formic acid (or a 
suitable Lewis acid) and at a temperature in the range of 0°C to reflux, preferably reflux; or 

ii) under Standard Buchwald conditions (for example see J. Am. Chem. Soc» 118, 7215; J. Am. 
Chem. Soc, 119, 8451;/ Org. Chem.,«l, 1568 and 6066) for example in the presence of 
palladium acetate, in a suitable solvent for example an aromatic solvent such as toluene, 
benzene or xylene, with a suitable base for example an inorganic base such as caesium 
carbonate Or an organic base such as potassium-r-butoxide, m the presence of a suitable bgand 
such as 2>bi 5 (<UphonylphosplrinoH.r-bina P hthyl and at atempemture in the mtge of 25 to 

50 80°C. 
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Pyrimidines of the fonnula (II) where L is chloro may be prepared according to 
Scheme 1: 




NaN0 2 
HCl(aq) 




Scheme 1 

5 Anilines of formula (III) are commercially available compounds, or they are known in 

the literature, or they are prepared by standard processes known in the art 
Process b) Compounds of formula QV) and compounds of formula (V) are reacted 
together in a suitable solvent such as iV-methylpynolidinons or butanol at a temperature in the 
range of 100-200°C, preferably in the range of 150-170°C The reaction is preferably 

10 conducted i» the presence of a suitable base such as, for example, sodium hydride, sodium 
methoxide or potassium carbonate. 

Compounds of formula (V) may be prepared according to Scheme 2i 
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MeMgBr, THF 



-20°C 

CVa) 




OH 



(Vb) 

Mn0 2 , 

dioxan. 

A 



DMFDMA, A 



(V) 




(Vc) 



Scheme 2 

Compounds of formula <IV) and <Va) are commercially available compounds, or they 
are know in the literature, or they are prepared by standard processes know in the art. 
5 Process c) Compounds of formula (VI) and amines of formula (VII) maybe reacted 
together in the presence of an inert solvent soch as AT-niethv^yrroHdincme or pyridine, in me 
presence of abase for example an inorganic base such as caesium carbonate or in the presence 
of an organic base such as excess (VH) and at a temperature in the range of 25 to 80-C. 
Compounds of formula (VI) (wherein X ia chloto) maybe prepared according to 
io Scheme 3: 



H (Riy 



/TO 



SOCly C1S0 3 H 



(VI) 

o°c 

(Via) 



R s 

Scheme 3 

Compounds of formula (Via) maybe prepared according to Process *, Process b or 

Process d wherein q is 0. 
15 Process d) Compounds of formula (VIBf) andamines of formula (IX) maybe reacted 
together under standard Buohwald conditions as described in Process a. 
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The synthesis of compounds of formula (VIII) is described in Scheme i. 
Compounds Of fomiula (EX) are commercially available compounds, or they are 
known in the literature, or they are prepared by standard processes known in the art. 

Amines of formula (VI) are commercially available compounds, or they are known in 
5 the literature* or they are prepared by standard processes known in the art. 

It will be appreciated that certain of the various ring substituents in the compounds of 

the present invention maybe introduced by standard aromatic substitution reactions or 

generated by conventional functional group modifications either prior to or immediately 
following tbe processes mentioned above, and as such are included in the process aspect of the 
10 invention- Such, reactions and modifications include, for example, introduction of a 

substituent by means of an aromatic substitution reaction, reduction of substituents, alkylation 
of substituents and oxidation of substitueatfs. The reagents and reaction conditions for such 
procedures are well known in the chemical art- Particular examples of aromatic substitution 
reactions include the introduction of a nitre group using concentrated nitric acid, the 
15 introduction of an acyl group using, for example, an acyi halide and Lewis acid (such as 
aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group 
using an alkyl halide and Lewis acid (such as aluminium trichloride) uader Friedel Crafts 
conditions; and the introduction of a halogeno group. Particular examples of modifications 
include the reduction of a nitro group to an amino group by for example, catalytic 
20 hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric 
acid with heating; oxidation ofalkylthio to alkylsulphinyl or alkylsulphonyi. 

It will also be appreciated that in some of the reactions mentioned herein it maybe 
necessary/desirable to protect any sensitive groups in the compounds. The instances where 
protection is necessary or desirable and suitable methods for protection are known to those 
25 skilled in the art. Conventional protecting groups may be used in accordance with standard 
practice (for illustration see T.W. Green, Protective Groups in Organic Synthesis, John Wiley 
and Sons, 1991), Thus, if teactants include groups such as amino, caiboxy or hydroxy it may 
be desirable to protect the group in some of the reactions mentioned herein* 

A suitable protecting group for an amino or dkylamino group is, for example, an acyl 
30 group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for example a 
methoxycarbonyl, ethoxycarbonyl or f-butoxycarbonyi group, an arylmethoxycarbonyl group, 
for example be^yloxycarbonyl, or an aroyl group, for example benzoyl. The deprotection 
conditions for the above protecting groups necessarily vary with the choice of protecting 
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group. Thus, for example, an acyl group such as an alkanoyl or aDcoxycarbcnyl group or an 
aroyl group may ba removed for example, by hydrolysis with a suitable base such as an alkali 
metal hydroxide, for example lithium or sodium hydroxide. Alternatively an acyl group such 
as a ^butoxycarbonyl group maybe removed, for example, by treatment with a suitable acid 
; as hydrochloric, sulphuric or phosphoric acid ortrifluoroacetic acid and an 

arylmefhoxycarbonyl group such as a berizyioxycarbonyi group maybe removed, for example, 
byhydrogenation over a catalyst such as palladium-on-carbon, or by treatment with a Lewis 
add for example boron tris(triflnoroacetate). A suitable alternative protecting group for a 
primary amino group is, for example, a phthaloyl group which may be removed by treatment 
0 with an alkylamine, for example dunethylamwopropylamine, or with hydrazine. 

A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 
axylmethyl group, for example benzyl. The deprotection conditions for the above protecting 
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 
15 group such as an alkanoyl or an aroyl group may he removed, for example, by hydrolysis with 
a suitablebase such as an alkali metal hydroxide, for example hthium or sodium hydroxide. 
Alternatively an arylmethyl group such as a benzyl group may be removed, for example, by 
hydrogenation over a catalyst sneh as palladium-cn-caibon. 

A suitable protecting group for a carboxy group is. for example, an esterifying group, 
20 for example a methyl or an ethyl group which maybe removed, for example, by hydrolysis 
with a base such as sodium hydroxide, or for example a r-butyl group which may be removed, 
for example, by treatment with an acid, for example an organic acid such as trifluoroacetic 
acid, or for example a benzyl group which may be removed, for example, by hydrogenation 
over a catalyst such as palladium-on-caibon. 
25 The protecting groups may be removed at any convenient stage in the synthesis using 

conventional techniques well known in the chemical art. 

As stated hereinbefore foe compounds defined in the present invention possesses 
anti-cell-proliferation activity such as anticancer activity which is believed to arise from the 
CDK inhibitory activity of the compound. The S e properties may be assessed, for example, 
30 using the procedures set out in WO 02/04429. 

Although the pharmacological properties of the compounds of the formula (I) vary 
with structural change, in general activity possessed by compounds of the formula 00 may be 
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demonstrated at IC50 concentrations or doses hi the range 250pM to InM in the m vitro assay 
described in WO 02/04429. 

Typical IC$o values for compounds of the invention when tested in the SKB assay 
described in WO 02/04429 are in the range ImM to InM. 
5 According to a ftartber aspect of the invention there is provided a pharmaceutical 

composition which comprises a pyrimidine derivative of the formula (I), or a 
phannaceutically acceptable salt or in vivo hydrolysable ester thereof, as defined hereinbefore 
in association with a phamiaceutically-acceptable diluent or carrier. 

The composition may be in a form suitable for oral administration, for example as a 
10 tablet or capsule, for parenteral injection (including intravenous, subcutaneous, intramuscular, 
intravascular or infusion) as a sterile solution, suspension or emulsion, for topical 
administration as an ointment or cream or for rectal administration as a suppository. 

Jba general the above compositions maybe prepared in a conventional manner using 
conventional exeipients. 
IS The compound of formula (J) will normally be administered to a warm-blooded 

animal at a unit dose within the range 5-5000 tog per square meter body area of the animal, 
i.e. approximately 0.1-100 rng/kg, and this nonnally provides a therapeutically-cffective dose. 
A unit dose form such as a tablet or capsule will usually contain, for example 1-250 mg of 
active ingredient Preferably a daily dose in the range of 1-50 mg/kg i6 employed. However 
20 the daily dose will necessarily be varied depending upon the host treated, the particular route 
of administration, and the severity of the illness being treated. Accordingly the optimum 
dosage may be determined by the practitioner who is treating any particular patient. 

According to a further aspect of the present invention there is provided a compound of 
the formula CO* or a pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof, as 
25 defined hereinbefore &r use in a method of treatment of the human Or animal body by therapy. 
We have found that the compounds defined in the present invention, or a 
pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof, are effective cell cycle 
inhibitors (anti-cell proliferation agents), which property is believed to arise from their CDK 
inhibitory properties- Accordingly the compounds of the present invention are expected to be 
30 useful in the treatment of diseases or medical conditions mediated alone or in part by CDK 
enzymes, i.e. the compounds may be used to produce a CDK inhibitory effect in a 
wann-blooded animal in need of such treatment Thus the compounds of the present invention 
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15 



20 



provide a method for treating the proliferation of malignant cells eharacwriaed by inhibition of 
CDK enzymes, i.e. tbe compounds may be used to produce an antiproliferative effect 
mediated alone or in part by tbe inhibition of CDKs. Such a compound of Hie invention is 
expected to possess a wide range of anti-cancer properties as CDKs nave been implicated in 
many commonbuman cancers such as leukaemia and breast, lung, colon, rectal, stomach, 
prostate, bladder. pancreas ovarian cancer. Thus it is expected that a compound of the 
invention will possess anti-cancer activity against these cancers. It is in addition expected that 
a compound of the present invention will possess activity against arange of leukaemias, 
lymphoid malignancies and solid tumours such as carcinomas and sarcomas intissues such as 
tbe liver, kidney, prostate and pancreas. In particular such compounds of the invention are 
expected to slow advantageously the growth of primary and recurrent solid tumours of, for. 
example, the colon, breast, prostate, lungs and skin More particularly such compounds of me 
invention, or a pharmaceutical* acceptable salt or in vivo hydrolysable ester thereof, are 
expected to inhibit the growth of those primary and recurrent solid tumours which are 
associated with CDKs, especially those tumours which are significantly dependent on CDKs 
fox their growth and spread, including for example, certain tumours of the colon, breast, 

prostate, htag> vulva and skin. 

It is further expected mat a compound of the present invention will possess activity 
against other cell-proUferation diseases in a wide range of other disease states including 
leukaemias, fibropxotiferative and differentiative disorders, psoriasis, rheumatoid atthnns, 
Kaposi's sarcoma, hemangioma, acute and chronic nephropathies, atheroma, atherosclerosis, 
arterial restenosis, autoimmune diseases, acute and chronic inflammation, bone diseases and 
ocular diseases with retinal vessel proliferation. 

Thus according to this aspect of the invention mere is provided a compound of the 
5 formula (0. or a pharmaceutical* acceptable salt or in vivo hydrolysable ester thereof, as 
defined hereinbefore for use as a medicament; and the use of a compound of the formula (I), 
or a pharmaceutically acceptable salt or,,™ hydrolysable ester thereof, as defined 
hereinbefore in the manufacture of a medicament ftt use in the production of a cell cycle 
inhibitory (anti-ceU-protiferation) effect in a warm-blooded animal such as man. Particularly, 
30 an inhibitory effect is produced by preventing entry into or progression through the S phase by 
inhibition of CDK2, CDK4 and/or CDK6, especially CDK2. 

According to a further feature of the invention, there is provided a compound of the 
formula (D, or a pharmaceutically acceptable salt or to vivo hydrolysable ester thereof, as 



# 
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defined herein before in the manufacture of a medicament for use in the treatment of cancers 
(solid tumours and leukaemias), fibroprohfexative and (tffferentiative disorder psoriasis, 
rheumatoid arthritis, Kaposi's sarcoma, haemangioma, acute and chronic nephropathies, 
atheroma, atherosclerosis, arterial restenosis, autoimmune diseases, acute and chtonie 
5 inflammation, bone diseases and ocular diseases with retinal vessel proliferation, particularly 
in the treatment of cancers. 

Accordi ng to a further feature of this aspect of the invention there is provided a 

method for producing a cell cycle inhibitory (anti-cell-proliferation) effect in a warm-blooded 

i 

animal, such as man, in need of such treatment which comprises administering to said animal 
10 an effective amount of a compound as defined immediately above. Particularly, an inhibitory 
effect is produced by preventing entry into or progression through the S phase by inhibition of 
CDK2, CDK4 and/or CDK6, especially CDK2. 



method for producing a cell cycle inhibitory (anti-cell-proliferation) effect in a warm-blooded 

15 animal, such as man, in need of such treatment which comprises administering to said animal 
an effective amount of a compound of formula (I) Cora pharmaceutical^ acceptable salt or in 
vivo hydxolysable ester thereof as defined herein before. Particularly, an inhibitory effect is 
produced by preventing entry into or progression through the S phase by inhibition of CDK2, 
CDK4 and/or GDK6, especially CDK2* 

20 According to an additional feature of this aspect of the invention there is provided a 

method of treating cancers (solid tumours and leukaemias), fibroproliferative and 
differentiative disorders, psoriasis, rheumatoid arthritis, Kaposi's sarcoma, haemangioma, 
acute and chronic nephropathies, atheroma, atherosclerosis, arterial restenosis, autoimmune 
diseases, acute and chronic inflammation, bone diseases and ocular diseases with retinal 

25 vessel proliferation, in a warm-blooded animal, such as man, in need of such treatment which 
comprises administering to said animal an effective amount of a compound of formula (I) or a 
pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof as defined herein befbre. 

Particularly there is provided a method of treating cancer in a warm-blooded animal, 
such as man, in need of such treatment which comprises administering to said animal an 

30 effective amount of a compound of formula (I) or a pharmaceutical^ acceptable salt or in 
vivo hydrolysable ester thereof as defined herein before. 



According to a further feature of this aspect of the invention there is provided a 
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In a farther aspect of the invention there is provided a pharmaceutical composition 
which comprises a rapon* of the formula (I), or a phamtaceuncally acceptable salt or in 
vivo hydrolysable ester thereof, as defined herein before in association with a 
pharmaceuticaUy-acceptable diluent or carrier for use iu the production of a cell cycle 
inhibitory (anH-ceU-proliferation) effect in a warm-blooded animal such as man. 

In a further aspect of the invention there is provided a pharmaceutical composition 
which comprises a compound of the formula (I), or a pharmaceutically acceptable salt or in 
vivo nydrolysable ester thereof, as defined herein before in association with a 
pbaxmaceutically-acoeptable diluent or carrier for use in the treatment of cancers (solid 
tumours and leukaemias), fibroproHferative and differentiate disorders, psoriasis, 
rheumatoid arthritis, Kaposi's sarcoma, haemangioma, acute and chronic nephropathies, 
atheroma, atherosclerosis, arterial restenosis, autoimmune diseases, acute and chronic 
inflammation, bone diseases and ocular diseases with retinal vessel proliferation, in a 

warm-blooded animal sucb as xnan. 

In a further aspect of foe invention there is provided aphamiaceuficai composition 
which comprises a compound of the formula (I), or a pharmaceutically acceptable salt or in 
vivo hydrolysable ester thereof, as defined herein before in association with a 
pharmaceutically-acceptable diluent 01 carrier for use in the treatment of cancer in a 

warm-blooded animal such as man. 
0 Preventing cells from entering DNAsynthesis by inhibition of essential S-phase 

initiating activities such as CDK2 initiation may also be useful in protecting normal cells of 
the body from toxicity of cycle-specific pharmaceutical .gents. Inhibition of CDK2 or 4 will 
prevent progression into foe ceU cycle innormal cells which could limit foe toxicity of cycle- 
specific pharmaceutical agents which act in S-phase. G2 or mitosis. Such protection may 
IS result in the prevention of hair loss normally associated with these agents. 

Therefore in a former aspect of foe invention there is provided a compound of formula 
(T) as defined above or a pharmaceutically acceptable salt or in vivo hydrolysable ester thereof 

for use as a cell pTOtecltve agent. 

Therefore in a former aspect of the invention there is provided a compound of formula 
SO (0 as defined above or a pharmaceutically acceptable salt or in vfvo hydrolysable ester thereof 
for use inpreventinghair loss arising from foe treatment of malignant conditions with 
pharmaceutical agents. 
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Examples of pharmaceutical agents for treating malignant conditions that are known to 
cause hair loss include alkylating agents such as ifosEunide and cyclophosphamide; 
antimetabolites such as methotrexate, 5-fluorouracil, gemcitabine and cytarabine; vinca 
alkaloids and analogues such as vincristine, vfribaletine, vmdesine, vraoreibine; taxanes such 
5 as paclitaxel and docetaxel; topoisomerase I inhibitors such as irintotecan and topotecan; 
cytotoxic antibiotics such as doxorubicin, daunorubicin, mitoxantrone, actinomyein-D and 

mitomycin; and others such as etoposide and tretinoin. 

In another aspect of the invention, the compound of formula (I), or a pharmaceutical^ . 
acceptable salt or in viva hydrolysable ester thereof, may be administered in association with a 
10 one or more of the above pharmaceutical agents. In this instance the compound of formula (I) 
may be administered by systemic or non systemic means. Particularly the compound of 
formula (I) my may administered by non-systemic means, for example topical administration. 

Therefore in an additional feature of the invention, there is provided a method of 
preventing hair loss during treatment for one or more malignant conditions with 
1 5 pharmaceutical agents, in a warm-blooded animal, such as man, which comprises 
administering to said animal an effective amount of a compound of formula 00i ox & 
pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof. 

In an additional feature of the invention, there is provided a method of preventing hair 
loss during treatment for one or more malignant conditions with pharmaceutical agents, in a 
20 warm-blooded animal, such as man, which comprises administering to said animal an 

effective amount of a compound of formula (I), or a pharmaceutically acceptable salt or in 
vivo hydrolysable ester thereof in simultaneous, sequential or separate administration with an 
effective amount of said pharmaceutical agent 

According to a further aspect of the invention there is provided a pharmaceutical 
25 composition for use in preventing hair loss arising from the treatment of malignant conditions 
with pharmaceutical agents which comprises a compound of formula (I), or a 
pharmaceutieally acceptable salt or in vivo hydrolysable ester thereof; and said pharmaceutical 
agent, in association with a pharmaceutical^ acceptable diluent or carrier. 

According to a further aspect of the present invention there is provided a kit 
30 comprising a compound of formula (I), or a pharmaceutical acceptable salt or in vivo 

hydrolysable ester thereof, and a pharmaceutical agent for treating malignant conditions that is 
known to cause hair loss. 
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According to a further aspect of the present invention there is provided a kit 
comprising: 

a) a compound of formula (I), or a pharmaceutical* acceptable salt or in vivo hydrolysable 
ester thereof, in a first unit dosage form; 
i b ) a pharmaceutical agent for treating malignant conditions that is Known to cause hair loss; in 

a second unit dosage fonn; and 

c) container means for containing said first and second dosage forms. 

According to another feature of the invention there is provided me use of a compound 
of the formula <», or a pharmaceudcally acceptable salt ox in vivo hydrolysable ester thereof, 
o in the manufacture of a medicament for the prevention of hair loss during treatment of 
malignant conditions with pharmaceutical agents. 

According to a farther aspect of the present invention there is provided a combination 
treatment for the prevention of hair loss comprising the administration of an effective amount 
of a compound of the formula fl), or a phannaceutically acceptable salt or in vivo 
15 hydrolysable ester thereof; optionally together with apharmaceuticatty acceptable diluent or 
carrier, with the simultaneous, sequential or separate administration of an effective amount of 
a pharmaceutical agent for treatment of malignant conditions to a warm-blooded animal, such 



as man. 



As stated above the sfee of the dose required for the therapeutic or prophylactic 
20 treatment of a particular cell-proliferation disease will necessarily be varied depending on the 
host treated, the route of administration and the severity of the illness being treated. A umt 
dose in the range, for example, 1-100 mg/kg, preferably 1-50 mgfcg is envisaged. 

The CDK inhibitory activity defined hereinbefore may be applied as a sole therapy or 
may involve, in addition to a compound of the invention, one or more other substances and/or 
25 treatments. Such conjoint treatment may be achieved by way of the simultaneous, sequenual 
or separate adimmstration of the individual components of the treatment. In the field of 
medical oncology it is normal practice to use a combination of different forms of treatment to 
treat eachpatient with cancer. In medical oncology the other components) of such conjomt 
treatment in addition to the cell cycle inhibitory treatment defined hereinbefore may be: 
30 .urgexy, radiotherapy or chemotherapy. Such chemotherapy may cover three main categories 
of therapeutic agent: 

(i) other cell cycle inhibitory agents that work by the same or different mechanisms from 
those defined hereinbefore; 
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(ii) cytostatic agents such as antioestrogens (for example tamoxifen,toremi&ne, 
raloxifene, droloxifene, iodoxyfene), progestogens (for example megestrol acetate), aromatase 

inhibitors (for example anastrozole, letrazole, vorazole, exemestane), antiprogestogens, 
anti androgens (for example flutamide, nilutamide, bicalutamide, cyproterone acetate). LHRH 
5 agoni$t$ and antagonists (for example goserelin acetate, luprolide), inhibitors of testosterone 
5ot-dihydror©ductase (for example finasteride), anti-invasion agents (for example 

metalloproteinase inhibitors like marimagtgt and inhibitors of urokinase plasminogen activator 

receptor function) and inhibitors of growth factor function, (such growth factors include for 
example platelet derived growth factor and hepatocyte growth factor such inhibitors include 
10 growth factor antibodies, growth factor receptor antibodies, tyrosine kinase inhibitors and 
serine/threonine kinase inhibitors); and 

(iii) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical 
oncology, such as antimetabolites (for example antifolates like methotrexate, 
fluoropyrimidines like 5-fluorouracil, purine and adenosine analogues, cytosine arabinoside); 

1 5 antitumour antibiotics (for example anthracyclinea like doxorubicin, daunomycin, epirubicin 
and idarubicin, nutomycm-Cs dactinomycin, mithramycin); platinum derivatives (for example 
cisplatin, carboplatin); alkylating agents (for example nitrogen mustard, mejpbalao, 
chlorambucil, busulphan, cyclophosphamide, ifosfamide, nitrosoureas, thiotepa); antimitotic 
agents (for example vinca alkaloids like vincristine and taxoids like taxol, taxotere); 

20 topoi$omera$e inhibitors (for example epipodophyllotoxins like etoposide and tenyposide, 
topotecan). According to this aspect of the invention there is provided a 
pharmaceutical product comprising a compound, of the formula (I) as defined hereinbefore 
and an additional anti-tumour substance as defined hereinbefore for the conjoint treatment of 
cancer. 

25 In addition to their use in therapeutic medicine, the compounds of formula (I) and their 

pharmaceutical^ acceptable salts are also useful as pharmacological tools in the development 
and standardisation of in vitro and in vivo test systems for the evaluation of the effects of 
inhibitors of cell cycle activity in laboratory animals such as cats, dogs, rabbits, monkeys, rats 
and mice, as part of the search for new therapeutic agents. 

30 In the above other pharmaceutical composition, process, method, use and medicament 

manufacture features, the alternative and preferred embodiments of the compounds of the 
invention described herein also apply. 
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Examples 

The invention "will now be illustrated by the following non limiting examples in which, 
unless stated otherwise; 

(i) tempers sib given in degrees Celsius (• Q; operations were earned out at room or 
5 ambient temperature, that is, at a temperature in the range ofl8-25°C; 

(ii) organic solutions were dried over anhydrous magnesium sulphate; evaporation of solvent 
was carried out using a rotary evaporator under reduced pressure (600-4000 Pascals; 
4.5-30mmHg) with a bath temperature of up to 60°C; 

(iii) chromatography means flash chromatography on sitica gel; thin layer chromatography 
io (TLC) was carried out on silica gel plates; 

(iv) in general, toe course of reactions was followed by TLC and reaction times are given for 

illustration only; 

C v) final products had satisfactory proton nuclear magnetic resonance (NMR) spectra and/or 
mass spectral data; 

15 (vi) yields are given for illustration only and are not necessarily those which can be obtained 
by diligent process development; preparations were repeated if more material was required; 
(vii) when given, NMR data is in the form of delta values for major diagnostic protons, given 
in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal standard, 
determined at 300 MHz using perdeuterio dimethyl suboxide <DMSO-d 6 ) as solvent unless 

20 otherwise indicated; 

(viii) chemical symbols have their usual meanings; SI units and symbols aroused; 

(ix) solvent ratios are given in volnmervolume (v/v) terms; and 

(x) mass spectra were run with an electron energy of 70 electron volts in the chemical 
ionization (CI) mode using a direct exposure probe; where indicated fonization was effected 

25 by electron impact (EI), fast atom bombardment (FAB) or electrospray (ESP); values for m/z 
are given; generally, only ions which indicate the parent mass are reported; and unless 
otherwise stated, the mass ion quoted is <MH) + ; 

(xi) unless stated otherwise compounds containing an asymmetrically substituted carbon 
and/or sulphur atom have not been resolved; 
30 (xii) where a synthesis is described as being analogous to that described in aprevious example 
the amounts used are the mfflhnolar ratio equivalents to those used in the previous example; 
(xvi) the following abbreviations have been used: 

DMFDMA diTpethylformamide dimethylacetal; 
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EtOAc ethyl acetate; 

ether diethyl ether, 

MeOH methanol; and 

DCM dichloromethane; 
5 xvii) where an Isolute SCX-2 coh&rtO ie referred to, this means an "ion exchange" extraction 
cartridge for adsorption of basic compounds, Le. a polypropylene tube containing a 
benzenesulphonic acid based strong cation exchange sorbent, used according to the 
manufacturers instructions obtained from International Sorbent Technologies Limited, 
Dyffiyn Business Park, Hengeod, Mid Glamorgan, UK, CF82 7RJ; 
10 xviii) where an Isolute amine column is referred to^ this means an "ion exchange" extraction 
cartridge for adsorption of acidic compounds, i.e. a polypropylene tube containing a ammo 
silane covalently bonded to a silica particle used according to the manufacturers instructions 
obtained fiom International Sorbent Technologies Limited, Dyffiyn Business Park, Hengeod, 
Mid Glamorgan, UK, CF82 7RJ; 

15 

Example 1 

4^1~Cvclobirtvl-2-meft^^ 
pvrimidine 

Chlorostilphonic acid (lSO^il, 2.16mmol) was added dtopwise to solution of 2-anilino- 
20 4<l-cyclobutyl-2-methyli^ (Method 31 ; 165mg, 0.54mmol) in thionyl 

chloride (3ml), cooled to 0 C C and the mixture stilted at 0°C far 10 minutes then heated at 
90°C for 90 minutes. Hie volatiles were removed by evaporation and the residue was dried 
under high vacuum (<2uraHg) for 1 hour. The resulting solid was placed under nitrogen and a 
solution of cyclopropylmethylamine (700^ 8.1mmol) in MeOH (3ml) added. The mixture 

25 was stirred for 30 minutes and the volatiles were evaporated in vactto. Water (20ml) was 
added and the precipitated solid was collected by filtration, washed with water (2 x 10ml). 
The solid was dissolved in MeOH and poured onto an Isolute amine column and eluted first 
with MeOH (30ml), The solvent was evaporated in vacuo and the resultant foam triturated 
with ether. The solid was collected by filtration and washed with ether (2 x 10ml) and dried 

30 under vacuum at 60°C to yield a beige solid. The solid was slurried in ether (6ml), 1M HC1 in 
ether (2ml, 2mmol) and the solvent evaporated in vacuo. The resultant solid was triturated 
with ether, collected by filtration and dried in vacuo to yield the title compound (174mg, 63%) 
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as ahygroscopic solid. NMR: 0.05 (m, 2H), 0.34 <m, 2H), 0-79 (m, IH), 1.70 (m, 2H). 237 
(m, 4H), 2-62 <m, 2H), 2.75 (s, 3H), 5.40 (m, IH), 7.23 (d, 1H>, 7.54 (bis, IH), 7-76 (d, 2H), 
7.91 (d, 2H). 8.14 (s, lH) f 8.68 (d, IH), 10.26 (bte, IH); */* 429. 



5 Examples 2rl 6 

The following Examples were prepared by the procedure of Example 1 using the 

appropriate starting materials. 




R 

O' 



Ex 


Ring A 


R 1 


NMR 


WW 


SM 


2 1 


cyclobutyl 




1.1 - 2,12 (m, 12H), 5.16 (m, IH), 
6.78 (d, 1H), 7.06 (s, IH), 7.36 (d, 
1H), 7.4 - 7.64 (2d. 4H), 8.15 (d, 
lH),8.62(s, IH) 


439 


Meth 
31 


3 


cyclobutyl 




1.65 (m, 2H), 2.4 (m, 4H), 3.39 (m, 
2H), 4.99 (d, IB), 5.14 (d, IH), 5.48 
(m, IH), 5.66 (m, IH), 7.09 (d, IH), 
7.36 (s, IH), 7.58 (t, IH), 7.68 (d, 
2H), 7.94 (d, 2H), 8.46 (d, IH), 9.95 
(s. IH) 


425 


Meth 
31 


4 


cyclobutyl 




1.6 (m, 2H), 2.4 (m, 6H), 5.5 (m, 
IH), 5.5 (m, IH), 7.09 (d, IH), 7.2 
(m, IH), 7.36 (s, IH), 7.68 (d, 2H), 
7.95 (d, 2H), 8.45 (d, IH), 9.95 (s, 
IH) 


399 


Mem 
31 
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5 1 


cyclcbutyl 




1.48,1.64,1.72,1.88.2.4(5111 
10H), 3.57 (m,lH), 5.48 (in, IH), 
7.09 (d, IH), 7.36 (s, 1H), 7.7 (d & 
8, 3H), 7.9 (m, 2H>, 8.45 (d, IH), 
9.96 (s,lH) 


425 


Meth 
31 






6 


cyclobutyl 




1.45 - 1.9, 2.4, 2.75 (m, 12H), 3.5 - 


469 


Meth 








F 


3.8 (m, 3H), 5.48 (to, 1H), 7.07 (d, 
1H). 7.36 (s, 1H), 7.46 (to, IH), 7.7 
- 7.94 (2d, 4H), 8-45 (d, 1H), 9.95 
(a. 1H) 




31 


i 


7 


cyclopentyl 




0.35 (m, 2H), 0.4S (m, 2H), 1.53 
(m, 2H), 1 .73 (m, 2H), 2.10 (m, 
5H), 2.77 (s, 3H), 5.55 (qnin, IH), j 
725 (d, IH), 7.70 (d, 3H), 7.90 (d, 
2H), 8.18 (s, 1H), 8.70 (d, IH), 10.2 

(6,1H) 


439 


Meth 
32 


8 


cyclobutyl 




1.68 (m. 2H), 2.4 (m, 4H), 4.04 (s, 
3H), 5.5 (ra, IH), 7.08 (d, IH), 7.2 
(m, IH), 7.37 (na, 2H), 7.7 (m, 3H), 
7.9 (d, 2H). 8.4 (d, IH), 8.45 (d, 
IH), 9.9(s, IH) 


476 


Meth 
31 


9* 


cyclopentyl 




1.54 (ra, 2H), 1.76 (m, 2H), 2,04 
(m, 2H), 2.19 (m, 2H), 2.78 (s, 3H), 
2.89 (q, 2H), 3.19 (b, 3H), 3.32 (t, 
2H), 5.56 (qnin, IH), 7.25 (d, IH), 
7.58 (t, IH). 7.73 (d, 2H), 7.88 (d, 
2H), 8.20 (S, IH), 8.73 (d, IH), 
10.20 (s, IH) 


457 


Meth 
32 
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10 



cyclobutyl 



11 



12 



cyclobutyl I 



cyclopentyl I NH « 



no 



13 



cyclopentyl 



14 



cyclobutyl 



1.57 (m, 2H), 1.71 (m, 2H), 2.45 
(m, 4H), 2.76 (q, 2H). 3.15 (s, 3H). 
5.48 (m, 1H), 7.09 (d, lH), 7.36 (m, 
2H), 7.70 <d, 2H), 7.9S (d, 2H), 8.46 
(d,lH),9.9S(s,lH) 
1.65 (m, 10H), 2.50 (s, 3H), 2.75 
(m, 2H), 3.65 (m, 3H), 5.48 (m. 
1H), 7.07 (d, 1H), 7.46 (s, IH), 7.70 
(d, 2H), 7.94 (d, 2H). 8.4S (d. 1H). 
9.95 (s, 1H) 



Meth 
31 



469 



Meth 
31 



1.54 (m, 2H), 1-72 (m, 2H), 2.00 
(m, 2H), 2.19 (m, 2H), 2.79 (s, 3H), 
4.38 (d, 2H), 5.54 (quia, 1H), 7.25 
(d, IH), 7.76 (t, 3H), 7.89 (d, 3H), 
8.20 (b, 1H), 8,38 (t, IH), 8-60 (brt, 
1H). 8.72 (4, 2H), 10-24 (b, IH) 



490 



Meth 
32 



1.53 (m, 2H), 1.60 (quia, 2H), 1.75 
(m, 2H), 2.03 (m, 2H). 2.18 (m, 
2H), 2.78 (m, 5H), 3.17 (s, 3H), 
3.28 (t, 2H), 5.55 (quin, IH), 7.26 
(d, IH), 7.47 (t, IH), 7.72 (d, 2H), 
7.89 (d, 2H), 8.20 (s, IH), 8.73 (d, 
IH), 10.20 (S,1H) 



471 



Metiil 
32 



1.08 (s, 9H), 1.65 (m, 2H), 2.37 (m, 
4H), 2.76 (b, 3H), 5.42 (m. IH), 
7.22 (d, IH), 7.33 (bra, IH), 7.75 (d, 
2H), 7.92 (d, 2H), 8.14 (s, IH), 8.68 
(d, IH), 10.24 (brs, IH) 



441 



Meth 
31 



"~ # "106670 " 
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15 


cyclopropyi 


NH^ 


0.88 (m, 2H), 1.07 (m, 11H), 2.74 
(fi, 3H), 3.79 (m, 1H), 7.29 (bra, 
1H). 7.32 (d, 1H), 7.74 (d, 2H), 7.95 
(d, 2H), 8.18 (s. 1H), 8.69 (d. 1H), 
10J22 (brs, 1H) 


427 


Meth 
27 




16 


cyclopropyi 




0.33 (m, 2H), 0.43 (m, 2H), 0.88 


416 


Meth 








NH 


(m. 2H), 1.07 (m, 2H), 2.09 (m, 
1H), 2.75 (s, 3H), 3.80 (m, lit), 
7.33 (d, IH), 7.73 (m. 3H), 8.0 (d, 
2H), 8.19 (s, 1H), 8.7 (d, 1H), 10.29 
(brs, 1H) 




27 





1 Purified by Flash silica Chromatography DCM:MeOH (Polarity increasing from 100:0 to 
98:2) 

2 2 Equivalents of amine and then excess (~25 equivalents) of diethyunethylamine 



5 Purified by Isolute amine column 



Example 17 

4^1-MemoxvDrot*-2-yl-2-me*h^ 
siilpTiatnovnaTiilinolpvrittiidine 
10 To a stared solution of 2-amino-4-(l -methoxypfOp-2-yl-2-methylimidazol-5 - 

yOpyrimidine (Method 28; 1 18mg, 0.75mmol) f iV-(tetrahydrofur-2-ylmefliyl)-4- 
iodOben«enesulphonamide (Method 35; 4l3mg, 1.13 mmol), tris(dibenzylideneacetone) 
dipalladiuta (0) (35mg, 0.038ramol) and 2^ , -bis(diphenylpho^hko)-l,l'-binaijhmyl (47mg, 
0.076mmol) in dioxane (lOmL) was added sodium f-butoxide (258mg, 2.69mmol) and the 
15 mixture heated at SOX overnight The reaction was cooled to room temperature and MeOH 
(5ml) was added and file mixture poured onto an Isolute SCX-2 column, eluted first with 
MeOH (10 x 30ml) and the product was then eluted with 10% raethanolic ammonia (10 x 
30ml). The solvent was removed by evaporation and the residue purified by flash 
chromatography on silica gel eluting with DCM/ MeOH (100:0 increasing in polarity to 97:3) 
20 to yield a foam which was dissolved in MeOH (2ml) and treated with 1M HCI in ether 

(300jiL, 0.30mmol) for 5 minutes. Solvent was evaporated in vacuo to yield a yellow solid 
(115mg, 30%). NMR: 1.S2 (d, 3H), 1-75 (m, 4H). 2.70 (ra, 2H), 2.79 (s, 3H), 3.16 (s, 3H), 
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3.63 (m, 5H). 5. 65 (m, IH), 7.25 (d, 1R>, 7.56 (t, IH), 7-70 (d, 2H), 7.88 <d, 2H). 8.21 (s, 
IH), 8.68 (d, IH), 10.19 (brs, IH); m/z 487. 



Examples 18^28 

The following Examples were prepared by the procedure of Example 17 using the 



appropriate si 




[ExTl 


R 1 " p 


5T" p 


SMR *~ ] 


p 


5M 1 


1 18 


A 




0.15 (m,2H), 0.35 (m,2H), 
1.10 (m,lH). 2.45 (s,3H), 
2.95 (q, 2H), 3.20 (s. 3H), 330 
(q,2H), 4.55 (d, 2H), 7.20 (d, 
1H), 7-40 (t,lH), 7.65 (s, IH), 
7.70 (d, 2H), 7.90 (d, 2H), 8.45 
(d, lH),9.75(s,lH) 


441 1 
(M-H)- 


Meth 
29 1 
Meth 1 
33 1 


19 




F 


0.27 (m, 2H), 0.40 (m, 2H), 
1,15 (m,lH), 2.85 (s,3H), 

i 3.65 (m,2H), 4.75 (d,2H), 
7.40 (d, IH), 7.80 (d, 2H), 7.90 
(d,2H), 8.50(8, IH), 8.55(1, 

1 IH), 8.70 (d, IH), 10.3 (s, IH) 


467 


Meth. I 
29 1 
Meth 1 
38 1 


20 




j 3 


0.15 (m,2H), 0,33 (m,2H), 
1.1 (m, lH),1.5(n>,2H), 1.75 
<m,2H), 1.9 (111,2130,2.45 (s, 
3H), 3.65 (m,lH), 4.6 (d,2H), 
,7,25 (d,lH),7.75(m,4H), 7.9 
(d, 2H), 8.5 (d, 1H% 9.9 (s, IH] 


439 

\ 


Meth 
29 

Meth 
37 



t • SO _gO r >i e W t:: t- 1-: 1 60 LSOOl 

9 166^70 : 



-28- 







A 

cat, 




3. 10 fitL 0.25 fm, 2H), 1 - 
0.40 (m, 4H), 0.82 (m, 1H), 
U5(m,lH),2.6S&2H), 
2.75 (s, 3H), 4.75 (d, 2H), 7.40 
(d,lH),7.6(t,lH),7.8(d, 
2H), 7.9 (d, 2H), 8.50 (a, IH), 
8.7 (d, IH), 10.25 (s, IH) i 


437 \ 
(M-Hy : 


Meth 1 
29 

Meth 1 
34 1 






22 


cyclObtfiyl 


Nil ^ 


1 .71 (m, 2H), 234 (m, 4H), 
2.76 (s, 3H), 2.86 (t, 2H}, 3.16 
(s, 3H), 3.29 (8. 2H). 5.41 (m, 
1H), 7.21 (d,lH), 7.52 (bra, 
IH), 7.76 (d,2H), 7.93 (d, 
2H), 8.16 (s, 1H), 8.68 (d, 1H), 
10.28 (brs, 1H) 


443 


Meth 
26 1 
Metb 1 
37 


i 


23 


J-Methdtty- 

It Jfci » 




1.52 (d, 3H), 2.76 (s, 3H), 2.84 
(o,2H), 3.14 (s,3H), 3.16 (s, 
3H), 3.28 (t, 2H), 3.36 (m, 
IH), 3.82 (m, 1H), 5. 65 (m, 
1H), 7.23 (d, IH), 7.55 (t, 1H>, 
7.74 (d. 2H). 7.88 (d, 2H>, 8.21 
(s, 1H), 8.68 (d, IH), 10.19 
(bra, 1H) 


461 


Meth 
28 

Meth 
35 


24 


cyelopropyl 


NH ^ ^ 


0.88 (m,2H), 1.13 (ia,2H), 
2.76 (2, 3H), 2.85 (q, 2H), 3.16 
(s, 3H), 3.29 (1,211), 3.75 (m, 
IH), 7.33 (d, 1H), 7.50 (t, 1H), 
7.72 (d, 2H), 7.97 (d, 2H), 8.16 
(s, 11^,8.69(4110, 10.26 
(brs, IH) 


429 


Meth 
27 

Meth 
33 
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25 



26 



Tetrahydrofur- I 
3-yl 



27 



Tetrahydrofiir- | 
3-yi 



0.28 (in, 2H), 0.41 (m, 2H), 
1.18 (m,lH), 2.78 (s,3H), 
| 4.38 (d, 2H), 4.78 (d. 2H). 7.42 
I (d, IB), 7.77 (t, 1H), 7.80 (d, 
I 2H), 7.88 (d, 1H), 7.93 (d, 
|2H),8.34(t,lH), 8.50(s. 1H), 

8.55 (t,lH), 8.72 (d,2H), 

10.31 (s, lift 



, 2.22 (m,lH), 2.58 (m, 1H), I 459 
| 2.76 (8, 3H), 2.86 (q, 2H), 3.16 
( 8 , 3H), 3.30 (t, 2H). 3.54 (m, 
1H), 3.85 (in, 1H), 4.18 (m, 
1H), 4.21 (m, 1H). 6.18 (in, 
1H). 7.27 (d,lH), 7-55 (t,lH), 
7.71 (d, 2H). 7.89 (d, 2H). 8.20 
(s, 1H), 8.69 (d,lH), J0.15(s, 
1H) 



1.08 (t,3H) ? 2.29 (m,lH), 
2,62 (m,lH), 2.80 (s,3B), 
2.89 (m, 2H), 3.35 (tn, 4H), 
3.59 (xn,lH), 3.90 (m, 1H), 
4.20 (m, 1H), 4.27 (m, 1H), 
6.24 (br m, lH), 7.31 (d, 1H), 
7.58 (t, 1H), 7.75 (d, 2H), 7. 92 
(d,2H), 8.30 (S,IH), 8.72 (d, 
1H),10.24(s,1H) 



, . m • 

?SQ : 2P >*'gWKtiS:i6ClEai0l _ 
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28 


Tetrahydrofur- 
3-yl 


I 

NH^ 


1.08 (s,9H), 2.27 (m, 1H)» 
2.59 (m,lH), 2.79 (s, 3H), 
3.54 (q,lH), 3.84 (t, 1H). 4.19 
(t,lH). 4.24 (d,lH). 6.19 (br 
m,lH) 7.28 (d,lH), 7.36 (s, 
1H), 7.74 (d, 2H), 7. 88 (d, 


457 


Meth 
30 

Meth 
40 












2H). 8.27 (b, IB), 8.70 (d, 1H), 
10. 20 (s, 1H) 









Preparation of Starting Materials 

The starting materials for the examples above are either commercially available or are 
5 readily prepared by standard methods from known materials . For example, the following 
reactions are an illustration, but not a limitation, of some of the starting materials used in the 
above reactions. 



Methods 1-19 

10 The following compound* were prepared using procedures analogous to those 

described in IOC 1987, 2714-2726. 



Meth 


Compound 


NMR 


mfz 


SM 


1 


5-MethyL-4-(N- 

cyclobutylamino) 

isoxazole 


1.63 (m, 4H), 2.21 (m, 5H), 
3.56 (s,2H). 4.42 (m, 1H), 
8.14 (s, 1H) 


153 


5-Methyl-4- 

aminoisoxazole 

hydrochloride 


2 


5-Me£hyl-4-(N- 

cyclobutyl-N- 

acetaT&ido)isoxazole 


1.60 (m, 7H), 2.01 (m, 2H), 
2.32 (s,3H), 4.91 (m,lH), 
8.62 (s, 1H) 


195 


Meth I 


3 


l-cyclobutyl-2- 

methyl-5- 

acetylimidazole 


1.72 (m, 2H), 2.28 (m, 2H), 
2.38 (s, 3H), 2.48 (s, 3H), 2.58 
(m, 2H), 5.20 (in, 1H), 7.79 (s, 
1H) 




Meth 2 




.SO vZ63f tM! 
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8 



10 



11 



S-Methyl-4-(N- 
methoxyisopropyl 
amino)! soxazole 



12 



5-Meihyi-4-<N- 

methoxyisopiopyl-N- 

acetamido)isoxazok 



1- methoxyiSOpXOpyl- 

2- methyl-5- 
acetyiimidazole 



S-Methyl-4-(N- 

cyclopropyl 

acetamido)isoxazole 



l,01(d,3H), 2.06 (s,3H), 3.05 
(m, 2H), 3.19 (m,6H). 2.92 
(m, IH), 8.26 (s, IH) 



0,90 (d,3H), 1.70 (8.3B), 2.36 
(s. 3H), 3.05 (m,2H), 349 (s, 
3H), 4.82 (m.lH). 8,50 (m, 

1H) 



171 5-Me*hyl-4- 

aminoLsoxazole 
hydrochloride 



Metfc4 



1.36 (d, 3H), 2.36 (s. 3HX 2.38 | 197 
< 8 ,3H), 3.14 (s,3H), 3.52 (dd, 
IH), 3.82 (m, IH), 4.96 (m. 
1H),7.85(8,1H) 



Meth5 



5-Methyl-4-(N- 

cyclopropylmethyl 

acaioo)isoxazole 



5-Methyl-4-(N- 
cycloptopylmethyl-N- 
aoetamido) isoxazole 



0.90 (m,2H), 1,05 (m,2H), 
1.50 (m,lH), 1.98 (s,3H). 
7.20<brs,lH), 8.50 (s, IH) 



165 1 5-Mettiyl-4- 
[M-H]" I aminoisoxazole 
I hydrochloride 



0.10 (W,2H), 0.53 (m,2H), 
l.00(m,lH),2.30(a,3H), 
2.82 (d,2H), 8.02 (s,lH) 



153 |Meth7 



1 -cyclopropylmethyl- 

2-methyl-5- 

acetylimidazole 



5-Methyl-4-(N- 

cyclopropylamino) 

isoxazole 



5-Methyl-4-(N- 
cyclopropyl-N- 
acetamido)isoxazole 



0.15 (m,2H), 0.48 (m,2H), 
0.90 (m,lH), 190 (s,3H), 
2.40 (s, 3H), 3.45 (d, 2H), 8.20 
(s,lH) 



"195 iMethS 



0.35 (to, 2H), 0.50 (m, 2H), 
1.10-130 (br m, 2H), 2.45 (s, 
6H), 4.21 (d, 2H), 7.75 (s, IH) 



0.26 2H), 0.46 (m, 2H), 
2.16 ($, 3^2.22(01,111), 
4.81 (m,lH), 8.16 (s,lH) 



Used Crude 



|Meth9 



139 1 5-Methyl-4- 

anrinoisoxazoL 
hydrochloride 



181 
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1 13 1 


l-cyclopropyl-2- 

mefhyl-5- 

acetylimidazole 


Used Crude 1 


165 


Math 12 ~1 


14 


5-Methyl-4-(N- 
cyclopentylamitio) 

isoxazole 


Used Crude 1 


167 


5-Methyl-4- I 
aminoisoxazole I 
hydrochloride 1 


15 


5-Methyl-4-(N- 
cyclopentyi-N- 
acetamido)isoxazole 


1.13 (m,2H), 1.45 (m,2H), 
1.71 (m,4H), 2.31 (s,3H), 
3.27 (s,3H), 4.73 (m, 1H), 
8.61 (8, 1H) 1 


209 


Methl4 


\l6 


l-cyulopentyl-2- 

methyl-5- 

acetylimidazole 


(CDC1 3 ) 1 .68 (m, 2H), 2,00 | 
(m, €H), 2.43 (s, 3H), 2.51 (s, 
3H), 5.21 (quin, 1H), 7.73 (s, 
IH) 


193 


Methl5 1 


1 17 


5-Methyl-4-[N- 

(tetrahydioflir-3- 

yl)airan£>]isoxazole 


(CDCI3) 1-80 (m,lH>, 2.15 
(m, 1H), 2.31 (s,3H), 2.59 
(bis, 1H), 3.66 (q,lH) } 3.79 
(m, 3H), 3.98 (m, 1H), 8.02 (s. 
1H) 


169 


5-Methyl-4- j 
amiooisoxazole 1 
hydrochloride 1 


18 


5-MethyV4-[N- 
(tetrahydrofur-3-yl)- 
N-acetamido] 
isoxazole 


(CDCl3)158 0>«» 1H),1.82 
(s, 3H), 2.18 (nx, IB), 229 (s, 
3H), 3.64 (m, 3H), 3.85 ^m, 
1H) T 5.16 (br«»lH), 8.11(s, 
1H) 


211 


Mefli 17 J 


19 


l-(tetrahydrofur-3- 

yI)-2-methyl-5- 

acetylhnidazole 


(CDCU) 2.18 (m, 2H), 2.46 (s, 
3H), 2.59 (fit 3H), 3.81 (q, 1H), 
4.00 (m, 2H), 4.32 («, 1H), 
6.05 (m, 1H), 7.72 (s, 1H) 


213 


Methl8 I 
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Method20 

sjea&jmEthMam^^ 

l-Cyclobuiyl-2-mefhyi-4-acetyliniidazole (Method 3; 2.52g, H.lmmol) was dissolved 
in DMF.DMA (75mL) and the mixture heated at reflux, under an atmosphere of nitrogen, for 
54 hours. The reaction mixture was allowed to cool to ambient temperature the product 
crystallised. Hie solid product was collected by filtration, washed with DMF.DMA and then 
ether and dried under vacuum at 40»C to give the title compound (1 .55 g, 47%) as a pale 
brown crystalline solid. NMR: 1,72 (m, 2H), 2.28 (m, 2H), 2.39 (s, 3H), 2.64 (m, 2H), 2,95 
(m, 6H), 5.22 (m, IH). 5.50 (d. 1H). 7.39 (s, 1H), 7.51 (d, 1H). 

Methods 21-25 

The following compounds were prepared by the procedure of Method 20 using the 



appr o pr iate starting materials. 



iMefh 


Compound 


NMR 


m/z 


SMI 

Methl 


1 21 


5-(3-Dimethylarranoprop- 

2-en-lH>yl)-l-cvclopropyl- 
2-methylimidazole 


0.65 (m, 2H), 1.00 (m. 2H), 2.36 (s, 
3H), 2.95 (m, 6H), 3.26 (m, 1H), 5.42 
(d, IH), 7.30 (s, 1H) S 7.50 (d, 1H) 




13 1 
Methl 


22 


5^3-Dimemylaminoprop- 
2-en-l-oyl)-l-methoxy 
isopropyl-2- 
methylimidazole 


1.39 (d, 3H), 236 (s, 3H), 2.95 (m, 
6H), 3.15 (s, 3H), 3.55 (m, 1H). 3.87 
(m, 1H), 5.12 (m, lH), 5.55 (d, IH), 
7.45 (m,2H) 


252 


6 


I 23 


5 -(3 -Dimethylaminoprop- 
2-en-l-oyl)-l-cyclopentyl- 
2-memylimidazole 


(CDC1 3 ) 1.67 (m, 2H), 2.03 (m, 6H), 
2.49 (s, 3H). 3.00 (OX, 6H), 5.35 (quin, 
IH), S.51 (d, 1H), 7.48 (s, IH), 7.61 
(d,lH) 


248 


Mem 
16 1 

Methl 


24 


5^3-DimEthylamirioprop- 
2-en-l-oyl)-l- 
cyclopropylmethyl-2- 
methylimidazole 


035 (m, 2H), 0.48 (m, 2H), 1-20 (m, 
IH), 2,42 (s, 3H), 3-00 (brs, 6H), 430 
(d, 2H), 5.55 (d, IH), 7.50 (s, IH), 
7.65 (d,lH) 


234 


10 1 



, m 
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25 


5 -(3-Dimetliylaminoprop- 


(CDCfe) 222 (m, 1H), 2.48 (m, 1H). 


250 


Meth 




2-en-l»oyT)-l- 


2.55 (s, 3H), 3.00 (bis. 6H), 3.79 (q, 




19 




(tetrahydrofur-3-yl)-2- 


1H),4.00 (m, IH), 4.07 (m, IH), 4.30 








methylimidazole 


(m, 1H), 5,52 (d, IH), 6.14 (m, 1H)> 
7.48 (s, 1H), 7.53 (d, 1H) 







Method 26 

2.Ammo-4-tt-cyclobu tv1-2-methv1i™ 

5 S-(3-DimerthylaiMnoprop-2^-l-oy^^ (Method 20; 

466mg, 2mmol) and gaanidine hydrochloride (476mg, 5 mmol) were suspended in 1 -butanol 
(10ml). Sodium methoxide (432g, 8tnmol) was added in one portion and the mixture heated 
under reflux, under an atmosphere of nitrogen, for 2 hours. The reaction mixture was allowed 
to cool to ambient temperature and was pre- absorbed on to silica gel and purified by column 

10 chromatography on silica gel ehiting with DCM/ 2% methanolic ammonia (100:0 increasing 
in polarity to 973) to give the title compound (301 g, 66%). NMR: 1.73 (m, 2H), 2.45 (m, 
7H), 5.36 (m, 1H), 6.58 (S, 2H), 6.72 (d, 1H), 7.24 (s„ IH), 8.16 (d, IH); m/z 230 



Methods 27-30 

15 The following compounds were prepared by the procedure of Method 26 using me 

appropriate starting materials. 



Meth 


Compound 


NMR 


m/z 


SM 


27 

« 


2-Amino-4-(l-cyctopropyl- 

2-methylimidazol-5- 

yl)pyimiidine 


0.65 (m, 2H), 1.08 (m. 2H), 2.39 (s, 
3H), 3.42 (m, 1H), 6.43 (s, 2H), 6.82 
(d, 1H) F 7.24 («, IH), 8.18 (d, 1H) 


216 


Meth 
21 


28 


2-Amino-4-(l- 
methoxyieopropyl-2- 
meth.ylimidazoI-5- 
yl)pyrimidine 


1.43 (d, 3H), 2.40 (s, 3H), 3.15 (s, 
3H), 3.58 (m, 1H), 3.91 (m, 1H), 536 
(m, 1H), 6.49 (s, 2H), 6.74 (d, IH), 
1 7.33 (s, IH), 8.15 (d, 1H) 




Meth 
22 




-35- 



29 


2-Amino-4-(l- 
c^lopropylitteflbyl-2- 
methylimidazol-5- 
yl)pyrimidine 


0.35 (m, 2H), 0.53 (m, 2H), 1 .25 (m, 

(brs, 2H), 6.85 (d, 1H), 7.50 (s, 1H), 
8.25 (d,lH) 


230 


Metii 
24 


30 


2-Amino-4-(l- 
(tetrahydroftir-3-yl)-2- 
methylimidazol-5- 
yl)pyrimidin0 


2.11 (m, IH), 2.49 (m, 4H)?, 3.68 (q, 
1H), 3.96 (d, 2H), 4.17 (m, 1H), 6.14 
(m, 1H), 6.58 (brs, 2H>, 6\79 (d, IH), 
7.35 (fi, IH), 8.15 (d, 1H) 


246 


Meth 
25 



10 



Method 31 

9..Amhno^l^vc1obutYl-^Tnathv^ 

5<3-DimethylantoQpmp-2Hm^^^ (Method 26; 

466mg, 2mmol). phmylguamdrae hydrogen carbonate (434g, 2.2mmol) and sodium 
methoxide (238mg, 4.4mra0l) were suspended in anhydrous DMA (5ml) and the mixture 
heated at 160*C for 3 hottte. The reaction mixture was allowed to cool to amhient temperature 
and poured into water (50ml). The solution was extracted EtOAc (2 x 50ml). The combined 
extracts were washed with water (2 x 50ml) and then brine (2 x 50ml), dried and the volatiles 
removed by evaporation. The residue was triturated with ether, collected by filtration and air 
dried to give the title compound (205mg, 35%) as a brown solid. NMR: 1.63 (m, 2H), 2.35 
(m, 4H), 2.53 (S, 3H), 5.51 (m, 1H), 6.96 (d. 2H). 7.28 (m. 4H), 7.70 (d, 2H), 8.39 (d, 1H), 
9/45 (s, IH); m/z 306- 



15 



Method 32 

The following compound was prepared by the procedure of Method 3 1 using the 



Meth 


Compound 


NMR 


m/z 


SM 


32 


2'Anilino-4-(l-cyclpentyl- 


(CDCU) 1.59 (m, 2H), 1.85 (m, 2H), 


320 


Meth 




, 2-methylimidazol-5- 


2.01 (m,4H), 2.57 (s,3H). 5.68 




23 




yl)pvrinridine 


(quintet, IH), 6.90 (d, IH), 7.08 (t, 










IH), 7.26 (s, IH), 7.65 (m, 3H), 7.57 










(d,2H),8.35(d,lH) 
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Method 33 

JV-^MethoxviethvlV^ 

A solution of +-iodophenylBiilphonyI chloride (3.64g, 12mmol) in DCM (30ml) was 
added drop wise to a solution of 2-methoxyethy lamine (L3ml ? \5mmo\) and triethylamme 
5 (2mi, 1 5mmol) in DCM (60ml) cooled by an ice bath to 0°C The mixture was then allowed to 
warm to ambient temperature and stirred for I hour. The solvent was removed by evaporation 
and the resulting oil dissolved EtOAc (100ml) an d washed with 0.33M aqueous citric aci d 

solution (2 x 100ml), brine (100ml) and dried. The volatiles were removed by evaporation to 

i 

give the title compound (4.1g» 100%) as a clear oil NMDR. 3-12 (2H, qX 3.28 (3H. s), 3.44 (2H, 
10 t), 4.90 (1H, t), 7.57 (2H, d), 7.81 (2H, d); m/z: 342. 

Methods 34-41 



The following compounds were synthesised in an analogous method to Method 33 
using the appropriate starting materials. 



Ex 


Compound 


NMR 


m/z 


34 


A^Cydopropylmethyi)-4- 
iodobenzenesulphonamide 


0.01 (m. 2H), 0.32 (m, 2H)> 0.76 (m, 1H), 
2.60 (t. 2H), 7,47 (d, 2H), 7.72 (t. 3H), 7.91 
(d,2fl) 


336 


35 


AKTeteahydrofur-2- 
ylmethyl)-4- 

iodobenzenesulphonamdde 


1.50 (m, 1H), 1.80 (m, 3H), 2.81 (m, 1H), 
3.10 (m, 1H), 3.65 (m, 2H), 3.84 (m, 1H), 
4.89 (t. 1H), 7.49 (d, 2H), 7.80 (d. 2H) 


368 


36 


N<2-Pyridyhnethyl>4- 
iodosulphonamide 


4.08 (s, 2H), 7.21 (m. 1H), 7.31 (d, 1H). 7.51 
(m, 2H), 7.70 (m, 1H), 7.91 (m, 1H), 8.29 (s, 
1H), 8.40 (d\ 1H) 


375 


37 


N<CydQDUtyl>4- 
iodosulphonamide 


1.45 (m, 2H), 1.70 (m, 2H), 1.90 (m, 2H), 
3.58 (m, 1H). 7.52 (d. 2H), 7.95 (m, 3H) 


336 


38 


N-(2-Triiluoroelhyl>4- 
iodosulphonamide 


3.69 (q, 2H), 7.58 (d, 2H), 7.93 (d, 2H), 8.65 
(brs, 1H) 


364 
(M-H)" 


39 


Ar-(2-Ethoxyethyl)-4- 
iodobenzenesulphonaxnide 


1.01 (t, 3H), 2.89 (q, 2H), 3.30 (ffl, 4H), 7.53 
(d, 2H), 7.75 (t, 1H), 7.97 (d, 2H 


354 
(M-H)" 


40 


AT-(f-Butyl)-4- 
iodobenzenesulphonamide 


1.10 (s. 9H). 7.56 (m, 3H), 7.95 (d f 2H) 


338 
(M-H)' 
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Example 29 



The following illustrate representative pharmaceutical dosage forms containing the 
compound of formula fl), or a phannacewtioally acceptable salt or in vivo hydrolysable este 
thereof (hereafter compound X), for therapeutic or prophylactic use in humans:- 



(a): Tablet I 


mg/tablet 


Compound X 


100 


Lactose PhJBur 


182.75 


Croscarmelloae sodium 


12.0 


Maize starch paste (5% w/v paste) 


2.2S 


Magnesium stearate 


3.0 



5 



(b): Tablet n 


mg/tablet 


Compound X 


50 


Lactose PIlEut 


223.75 


Croscarmellose sodium 


6.0 


Maize starch 


15-0 


Polyvinylpyrrolidone (5% w/v paste) 


2.25 


Magnesium stearate 


3.0 




(c): Tablet HI 


mg/tablet 


Compound X 


1.0 


Lactose Ph-Eur 


93.25 


Croscannellose sodium 


4.0 


Maize starch paste (5% w/v paste) 


0.75 


Magnesium stearate 


1.0 


(d): Capsule 


rag/capsule 


Compound X 


10 


Lactose Ph.Eur 


488.5 


Magnesium stearate 


1.5 



•so jg-yenr-m; fooisool 
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(e): Injection I 


(50 mg/ml) • 


Compound X 


5.0% w/v 


IM Sodium hydroxide solution 


15.0% v/v 


0. IM Hydrochloric acid 


(to adjust pH to 7.6) 


Polyethylene glycol 400 


4.5% w/v 


Water for injection 


to 100% 




(f); Injection II 


10 mg/ml 


Compound X 


1.0% w/v 


Sodium phosphate BP 


3.6% w/v 


0.1M Sodium hydroxide solution 


15.0% v/v 


Water for injection 


to 100% 




(g): Injection IDE 


(lmgtaldbttffered to pH6) 


Compound X 


0.1% w/v 


Sodium phosphate BP 


2.26% w/v 


Citric acid 


0.38% w/v 


Polyethylene glycol 400 


3.5% w/v 


Water for injection 


to 100% 



Note 

5 The above formulations may be obtained by conventional procedures well known in 

the pharmaceutical art. The tablets (a>(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phthalate* 
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Claims 



1 . A compound of formula 0): 



15 



20 




s CD 

wherein: 

R l is halo, cyano, C|. 3 alkyl ox Ci-jalkoxy, 

p is 0-2; wherein the values of R 1 may be the same or different; 

R 1 is amino, R* or R 6 -NHz-; 
10 R 3 is hydrogen, halo or cyano; 

R 4 is C 3 . 6 cycloalkyl, Q^cycloalkylC^aDcyl, heterocyelyl, neteroeyeltfC^lkyl or 1- 
methoxyprop-2-yl; wherein R 4 may be optionally substituted on ring carbon by one or more 
methyl, ethyl, methoxy. ethoxy, propoxy, Hifluoromethyl, triflwromethoxy, 2,2,2- 
triuuoroefhoxy or oyclopiopylmethoxy. and wherein if said heterocyelyl contains an-NH- 
moiety that nitrogen may be optionally substituted by one or more methyl, ethyl, acetyl, 2,2,2- 

trifluoroethyl or methoxy ethyl; 

R s is Chalky! or C^alkenyl; wherein R 5 may be optionally substituted on carbon by 
one or more methoxy, etfaoxy, propoxy, trifluoromethyl, trifluoromethoxy. 2,2.2- 
trifluoroethoxy or cyclopropylmethoxy; 

R 6 is Cwalkyl, C^alkenyl, C^alkynyl, Cj^ycloalkyl, C 3 ^ycloalMCi. 3 a1kyl, a 
heterocyclic group or (heterocyclic group)C,. 3 alkyl; wherein R* maybe optionally substituted 
on carbon by one or more methyl, ethyl, methoxy, ethoxy, P«*°xy, trifluoromethyl, 
tufluoromethoxy, 2,2,2-trifluoroemoxy or cyclopropylmethoxy, and wherein if said 
heterocyclic group contains an -NH- moiety mat nitrogen may be optionally substituted by one 
25 or more methyl, ethyl, acetyl, 2^^trifluomemyl or methoxyeihyl; 

or apharmaceutically acceptable salt or an in vivo hydrolysable ester thereof. 



• 
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ABSTRACT 

TITLE: CHEMICAL COMPOUNDS 

5 Compounds of «b» formula (I): 




a> 

wherein R 1 , R 2 , R 3 , R 4 , R 5 and p are as defined within and a pharmaceutically acceptable salts 
and in vtvo hydrolysable esters ate described- Also described are processes for their 
10 preparation and their use as medicaments, particularly medicaments for producing a cell cycle 
inhibitory (anti-cell-prolifacation) effect in a warm-blooded animal, such as man. 
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